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The O G O - I 1 1  r a d i o  astronomy experiment d a t a  p roces s ing  

e f f o r t  has  been completed f o r  a l l  d a t a  r ece ived  t o  d a t e .  The 

d a t a  r e d u c t i o n  completed under t h i s  Grant  covered t h e  p e r i o d  

from September 30,  1967, through August 1 5 ,  1968. These 

d a t a  have been shipped t o  t h e  NSSDC t o  supplement d a t a  p re -  

v i o u s l y  submit ted.  

The O G O - I 1  and OGO-IV d a t a  r e d u c t i o n  and a n a l y s i s  e f f o r t  

has been completed t o  t h e  f u l l e s t  e x t e n t  p o s s i b l e .  These 

d a t a  w i l l  b e  shipped t o  t h e  NSSDC i n  t h e  very  nea r  f u t u r e .  

The purpose of  t h e  O G O - I 1  and OGO-IV r a d i o  astronomy 

exper iments  were t o  map t h e  b r i g h t n e s s  t empera ture  o f  t h e  

sky a t  a  frequency o f  2.5 MHz, u s ing  a s h o r t  monopole antenna 

on tGe s p a c e c r a f t ,  and depending upon t h e  i onosphe r i c  focuss ing  

e f f e c t  t o  ach ieve  angu la r  r e s o l u t i o n .  The exper iments  ope ra t ed  

f o r  t h e  l i f e  of  t h e  s p a c e c r a f t ,  r e t u r n i n g  d a t a  from rad iometers  

o p e r a t i n g  a t  2.0 and 2.5 MHz, r e s p e c t i v e l y ,  and measurements 

of  t h e  complex impedance o f  t h e  antenna a t  2 .5  MHz a s  the 

s p a c e c r a f t  passed up and down through t h e  ionosphere .  

Radio-frequency i n t e r f e r e n c e  gene ra t ed  w i t h i n  t h e  space- 

c r a f t  e x t e r n a l  t o  t h i s  exper iment  makes t h e  i n t e r p r e t a t i o n  

of  t h e  rad iometer  d a t a  very  d i f f i c u l t ,  and i t  appears  imprac t i -  

c a l  t o  e x t r a c t  mapping in format ion  from OGO-IV and imposs ib l e  

t o  e x t r a c t  it from t h e  s p i n n i n g  O G O - 1 1 ,  

The antenna impedance measurements a r e  n o t  a f f e c t e d  by 

t h e  i n t e r f e r e n c e  and r e p r e s e n t  a u s e f u l  body o f  d a t a  f o r  t h e  

s tudy  of t h e  p r o p e r t i e s  of t h e  ionosphere ,  and t h e  behavior  

o f  antennas i n  plasma, 



In connection with the project, theoretical investigations - 

have been carried out and papers and reports have been published 

in such fields as the behavior of antennas in plasma, and the 

propagation of electromagnetic waves in plasma. 



I. I N T R O D U C T I O N  

This  i s  t h e  F i n a l  Technica l  Report  concerning t h e  work 

supported under t h e  Nat iona l  Aeronaut ics  and Space Admin i s t r a t i on  

Grant NGR 23-005-371 f o r  "OGO-I11 Data Reduction,  O G O - I 1  and 

OGO-IV Data Analys i s" .  This  Grant  was awarded f o r  a one y e a r  

e f f o r t  commencing on December 1, 1969. The O G O - I 1 1  Data 

Reduction e f f o r t  was s t a r t e d  under NASA Cont rac t  NAS 5-2051 

and cont inued  under NASA Grant NGR 23-005-311. The O G O - I 1  

Antenna Impedance Study e f f o r t  was s t a r t e d  under NASA C o n t r a c t  

NAS 5-3099 and cont inued  under NASA Grant NGR 23-005-068. 

The OGO-IV Data Reduction and Analys i s  e f f o r t  was s t a r t e d  

under NASA Con t r ac t  NAS 5-3099. 

The Radio Astronomy Observatory of  t h e  Un ive r s i t y  of  

Michigan has  c a r r i e d  o u t  an e x t e n s i v e  program of low-frequency 

obse rva t ions  from s p a c e c r a f t .  Measurements of t h e  i n t e g r a t e d  

b r i g h t n e s s  temperature  of  t h e  c e l e s t i a l  sphe re  were made from 

r o c k e t s ,  and low-frequency rad iometers  have been c a r r i e d  

aboard each of  t h e  f i r s t  f i v e  of  t h e  OGO-series s p a c e c r a f t .  

Three of t h e s e ,  c a r r i e d  on O G O ' s  I ,  111, and V,  were des igned  

p r i m a r i l y  t o  s tudy  t h e  low-frequency components of  s o l a r  

r a d i o  b u r s t s .  Radiometers aboard O G O ' s  I1 and I V  w e r e  des igned  

t o  u t i l i z e  t h e  focus ing  e f f e c t  of  t h e  ionosphere  t o  o b t a i n  

low-reso lu t ion  maps of t h e  low-frequency b r i g h t n e s s  t empera ture  

of  t h e  c e l e s t i a l  sphe re .  

11, TECHNICAL DISCUSSION 

A. O G O - I 1 1  DATA REDUCTION 

The e f f o r t o n t h i s  p o r t i o n  s f  the Grant  was to proces s  

a l l  O G O - 1 1 1  data tapes received since processing was completed 



under G r a n t  NGR 23-005-311. This e f f o r t  has been completed 

and t h e  reduced d a t a  has  been submit ted t o  t h e  NSSDC t o  

supplement p rev ious ly  submit ted d a t a .  The d a t a  t a p e s  t h a t  

were processed covered t h e  t ime pe r iod  from September 30,  

1967  through August 1 5 ,  1 9 6 8  wi th  t h e  except ion  of  t h e  follow- 

ing  days f o r  which we have n o t  r ece ived  d a t a  t a p e s :  

DAY NUMBER MISSING 
MONTH YEAR FOR MONTH DAYS 

September 1 9 6 7  273 - 274 274 

October II 275 - 304 276, 280, 283, 284, 286 

November I 1  305 - 334 326 

December 11 335 - 365 

January 

February 

March 

A p r i l  

May 
June 

July 

August 

B.  O G O - I 1  DATA ANALYSIS 

The mapping experiment has  encountered va r ious  problems,  

t h e  most s e r i o u s  o f  which was t h e  extremely high r a d i o  n o i s e  

l e v e l .  I t  g r a d u a l l y  became obvious t h a t  no mapping in format ion  

could be e x t r a c t e d  from t h e  O G O - I 1  d a t a  because of t h e  h i g h  

n o i s e  l e v e l ,  t h e  f a i l u r e  of t h e  s p a c e c r a f t  t o  s t a b i l i z e ,  and 

t h e  h igh  o r b i t  of O G O - 9 1  ( P o t t e r ,  $968) .  It has been p o s s i b l e ,  

however, t o  u t i l i z e  O G O - I 1  d a t a  t o  s tudy  t h e  wake produced by 



t he  spacecraft a s  it moves through the ionosphere, an unex- 

pected benefit (Yorks, Weil, and P o t t e r ,  1968; Yorks and W e l l i  

1970) . 
The s tudy  o f  t h e  behavior  of  antennas  i n  plasma c o n s t i t u t e d  

t h e  e n t i r e  e f f o r t  under t h i s  p o r t i o n  of  t h e  Grant.  This  e f f o r t ,  

i n  con junc t ion  wi th  suppor t  under o t h e r  NASA Gran t s ,  r e s u l t e d  

i n  t h e  p u b l i c a t i o n  of t h r e e  papers  ( W e i l ,  A p r i l  1970; Weil 

and Yorks, 1970; and Weil and Lafon,  1971) and t h e  presen- 

t a t i o n  of ano the r  ( W e i l ,  June 1970) .  

C .  OGO-IV DATA ANALYSIS 

The d a t a  a n a l y s i s  e f f o r t  performed under t h i s  p o r t i o n  

of t h e  g r a n t  was a c o n t i n u a t i o n  of  t h e  e f f o r t  s t a r t e d  under 

NASA C o n t r a c t  NAS5-3099. A convenient  t e rmina t ion  p o i n t  

could n o t  be found and t h e r e f o r e  t h e  a n a l y s i s  con t inued  

wi thou t  i n t e r r u p t i o n  from t h e  Con t r ac t  t o  t h i s  Grant .  Most 

of  t h e  d a t a  r e d u c t i o n  e f f o r t ,  a s  w e l l  a s  t h e  eng inee r ing  of  

t h e  f l i g h t  i n s t rumen t ,  was suppor ted  under t h e  c o n t r a c t ,  Work 

done under t h e  g r a n t  has  c o n s i s t e d  l a r g e l y  o f  review and re- 

assessment  o f  t h e  method of  s c i e n t i f i c  a n a l y s i s ,  i n  an e f f o r t  

t o  f i n d  a  s a t i s f a c t o r y  way of  e x t r a c t i n g  mapping informat ion.  

The F i n a l  Report  on t h i s  p o r t i o n  of  t h e  Grant has  been 

w r i t t e n  i n  con junc t ion  wi th  t h e  F i n a l  Report  on Cont rac t  

NAS5-3099 f o r  t h e  above reasons .  A b r i e f  o u t l i n e  of t h e  

OW-IV F i n a l  Report  ( P o t t e r ,  1 9 7 0 ) ,  which i s  inc luded  h e r e i n  

a s  p a r t  of t h i s  F i n a l  Report ,  i s  a s  fo l lows :  

OGO-IV exper ienced  a  lower n o i s e  l e v e l  t han  OGO-11 ,  

b u t  h i g h e r  t han  e i t h e r  OGO-11% o r  V. I t  was obvious 

t h a t  t h i s  n o i s e  l e v e l  would make it d i f f i c u l t  50 e x t r a c t  

u s e f u l  mapping information, Subsequent deta i led  analysis 



and study has shown that it is indeed extremely diffi- 

cult t o  e x t r a c t  mapping in format ion ,  and probably impos- 

s i b l e  t o  do so .  The l a r g e  body of exper iment  d a t a  shou ld ,  

however, be  u s e f u l  i n  ana lyz ing  t h e  p r o p e r t i e s  of  t h e  

ionosphere ,  and t h e  behavior  of  t h e  r a d i o  antennas  i n  it. 

Chapter I1 of  t h i s  r e p o r t  covers  t h e  s c i e n t i f i c  

background f o r  t h e  exper iment .  I t  i n c l u d e s  d i s c u s s i o n s  

o f  t h e  s t a t e  of  t h e  a r t  of  low-frequency r a d i o  astronomy, 

t h e  t heo ry  of i onosphe r i c  focus ing ,  upon which t h e  mapping 

exper iment  depends,  and a  d i s c u s s i o n  o f  t h e  behavior  o f  

antennas  i n  a  plasma, such a s  t h e  ionosphere .  

Chapter  I11 d e s c r i b e s  b r i e f l y  t h e  exper iment ,  t h e  

s p a c e c r a f t ,  and t h e i r  h i s t o r y .  A more complete r e p o r t  

on t h i s  t o p i c  i s  t h e  OGO-IV F i n a l  Engineer ing  Report  

(Yorks and Cohen, 1969).  

Chapter  I V  d e s c r i b e s  t h e  methods developed f o r  t h e  

a n a l y s i s  o f  t h e  d a t a ,  t h e v a r i o u s k i n d s  o f  d a t a  c o l l e c t e d  

by t h e  exper iment ,  and t h e  forms i n  which t h e  d a t a  now 

e x i s t .  

Chapter  V summarizes t h e  conc lus ions  which may be 

drawn from t h e  OGO-IV exper ience .  
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